Localisation of EBV to Hodgkin and ReedSternberg (HRS) cells was subsequently shown by in situ hybridisation (ISH). 3 There is increasing evidence of the involvement of EBV in the development of Hodgkin's lymphoma; EBV genomes in Hodgkin's lymphoma are monoclonal 4 and the virus has been shown to persist in all the sites involved in EBV positive Hodgkin's lymphoma patients. 5 6 It has also been shown that a product of the EBV BNLF-1 gene, latent membrane protein-1 (LMP1), an integral membrane protein of known transforming ability also aVecting apoptosis in vitro, 7 is strongly expressed in all neoplastic cells in EBV positive Hodgkin's lymphoma. 8 A pathogenic role for EBV in childhood Hodgkin's lymphoma has been suggested, and various factors including ethnicity and geographical location may represent biological modifiers of the association of EBV with Hodgkin's lymphoma. 9 10 Studies in nonindustrialised countries report a strong correlation of age of peak incidence in children with Hodgkin's lymphoma and EBV infection. Examples include Honduran (100%), 9 Chinese (100%), 11 Brazilian (77%), 12 Mexican (65%), 13 Peruvian (100%), 14 and Malaysian (93%) 15 paediatric cases of classical Hodgkin's lymphoma. Where lower EBV occurrences in Hodgkin's lymphoma have been reported in non-industrialised countries, there is often nonetheless a high incidence (up to 100%) in the patients younger than nine years of age included in the studies. 16 17 This contrasts with the situation in industrialised countries, where the peak generally occurs in early adulthood with no apparent association with EBV infection, 9 18-20 although a significant association between EBV and Hodgkin's lymphoma in younger patients in the United Kingdom has been reported. 21 With regard to histological subtype and the association with EBV, the mixed cellularity (MC) subtype shows a clear association with EBV, 8 22 while the EBV incidence in the nodular sclerosing (NS) subtype usually ranges between 20% and 33% in industrialised countries, 8 22-25 and between 45% and 100% in non-industrialised countries. 9 11-14 20 As far as sex is concerned, there is a higher frequency of EBV in male patients developing Hodgkin's lymphoma of childhood. 10 14 Conflicting opinions are expressed about EBV infection and prognosis in Hodgkin's lymphoma patients. A few studies investigating clinical outcome have found no significant difference in progression-free survival between LMP1 positive and LMP1 negative patients. 23 25 26 Oudejans et al reported a significantly shorter progression-free survival time in EBV positive Hodgkin's lymphoma, although there was no diVerence in the overall survival time. 27 EBV has been associated with Hodgkin's lymphoma in patients presenting with advanced stage disease 14 28 or more aggressive histological subtype. 23 In addition, aggressive histology coinciding with aggressive clinical behaviour has been reported in a study in patients with a 30 base pair deletion variant of the EBV LMP1 gene. 29 In contrast to these studies, Morente et al recently provided convincing evidence that LMP1-EBV expression is a favourable prognostic marker for overall survival. 30 The demographic diversity in South Africa provides a rich epidemiological background for studying the various factors relating to the association between EBV and Hodgkin's lymphoma. In this study, we report the pattern of Hodgkin's lymphoma in South African children under the age of 15 years. In an attempt to assess the role of EBV in Hodgkin's lymphoma, the incidence of EBV was investigated and correlated with age, racial classification, sex, histological subtype, and clinical outcome.
Methods

PATIENTS AND SAMPLES
In all, 47 paraYn wax embedded archival biopsies comprising mixed race (n = 24), blacks (n = 15), and whites (n = 8), spanning 1983-1995, were retrieved from the departments of pathology at Red Cross Children's and Groote Schuur Hospitals, University of Cape Town. The mixed race (also referred to as "Cape coloureds") is a heterogeneous group which evolved over the past 300 years by probable combinations of predominantly Khoi San, Xhosa, Cape Malays, and Europids. The consecutively selected cases were all from patients under the age of 15 years diagnosed as having childhood Hodgkin's lymphoma. A single case of lymphocyte predominance subtype was excluded so as to confine the study to classic Hodgkin's lymphoma (only MC and NS histological subtypes). Haematoxylin and eosin stained sections were reviewed by at least two pathologists to confirm the diagnosis and histological subtype, in accordance with standard criteria. Patient demographics and follow up data were obtained from the clinical files in collaboration with the department of oncology, Red Cross Children's Hospital. Patients were treated following the conventional therapeutic approaches. Treatment decisions were not based on knowledge of EBV status. The follow up data period varied from four to 150 months from the time of presentation.
DETECTION OF EBV BY IMMUNOHISTOCHEMISTRY AND EBER-ISH
The techniques of immunohistochemistry (IHC) and ISH were employed to detect EBV in tumour cells in our patients. Microwave antigen retrieval was used as an adjunct to IHC. 31 Briefly, 5 µm sections mounted on slides coated with APES (aminopropyltriethoxysilane) were dewaxed and endogenous peroxidase activity blocked in 0.5% H 2 O 2 /methanol, transferred to 0.01 M sodium citrate solution, pH 6.0, and then irradiated for 2 × 5 minutes. Sections were stained with a pool of four mouse monoclonal antibodies (CS1-4) specific for LMP1 (diluted 1:50) (Dako), and diaminobenzidine was used as a chromogen. 32 To exclude false negatives, LMP1 negative cases were submitted for EBER-ISH, a technique known to be sensitive and reliable for the detection of EBV. 33 34 EBER-ISH was performed as previously described with RNAsefree precautions being observed. A known EBV positive LMP1-expressing Hodgkin's lymphoma sample was used as the external control.
STATISTICAL METHODS
Associations were analysed using Fisher's exact two tailed test. Survival curves were generated using Kaplan-Meier's method and the resulting survival distributions were compared using a log rank test.
Results
HISTOLOGICAL SUBTYPE
The age of the patients in this study ranged from three to 14 years (mean = 8.4 years; median = 8.0 years). The race and sex distribution with regard to histological subtype is indicated in table 1. The peak incidence of Hodgkin's lymphoma was seen between the ages of seven and 11 years. There was an overall male predominance, with 81% male and 19% female patients (4.2:1). Forty two patients (89%) were classified as NS, while only five (11%) were of the MC subtype. Of the NS patients, 24 were of mixed race, 10 black, and eight white, while all five MC patients were black (p = 0.006). Thirty six of the 42 NS cases (86%) and three of the five MC cases were male (p = 0.04), giving a male to female ratio in NS and MC of 6.1:1 and 1.5:1, respectively. All the mixed race (24/24) and white (8/8) patients included in this study were of the NS subtype. The black patients consisted of 10 cases (67%) with the NS and five (33%) with the MC subtype. The five black MC cases consisted of two boys and three girls (p = 0.04).
EBV GENE EXPRESSION
Results of the EBV investigation are given in table 2. EBV products were detected in the HRS cells of 32 Hodgkin's lymphoma cases (68%). Three cases which were LMP1 negative (table 3) . Three of the 24 EBV positive patients and six of the 12 EBV negative patients presented with "B" symptoms. Of the EBV positive cases, 23 (96%) were alive without disease compared with seven (58%) of the EBV negative cases (p = 0.0102). In addition, a significantly longer median survival was observed in EBV positive cases (log rank p value = 0.0040) (fig 1) . There was one death among the EBV positive group, the remainder being free of disease, while five of the 12 patients in the EBV negative group had either died or still had evidence of disease.
Discussion
There have been contrasting epidemiological results with respect to the incidence of EBV and its association with Hodgkin's lymphoma subtypes in diVerent parts of the world. 10 24 35 In addition, studies have reported variations in the prevalence of EBV associated Hodgkin's lymphoma occurring in populations with diVerent ethnic, geographical, and socioeconomic backgrounds. 9 14 For example, Peh et al reported a predilection among Indians to develop Hodgkin's lymphoma in comparison with non-Indians in Malaysia. 15 South Africans vary considerably in their race, socioeconomic status, access to health care, and nutritional status. We undertook this study to investigate the interplay of some of these factors in an attempt to understand the role of EBV in South African children with Hodgkin's lymphoma and to determine correlation, if any, with clinicopathological features.
Compared with previously published data, our results followed no single pattern found in either the industrialised or the nonindustrialised countries. 36 In our study, the spread of Hodgkin's lymphoma among the race groups largely reflected the institution's (Western Cape) population, (black 21%, mixed race 54%, white 21%. Source: Statistics South Africa, 1996 census). The age distribution of Hodgkin's lymphoma, with its peak around eight years of age and the male predilection of 4.2:1, is in agreement with studies conducted in developing countries. 9 16 37 NS was the predominant histological subtype. In contrast to the distribution of Hodgkin's lymphoma subtypes in children from developing countries, our results follow the pattern found in the USA and Europe more closely, although with not as high a frequency. 24 EBV has been implicated in the neoplastic process. The virus has been shown to be monoclonal in this disease and its presence has been observed in EBV positive Hodgkin's lymphoma patients throughout the course of the disease. 4 21 28 Strong expression of LMP1 has also been observed in all neoplastic cells. 4 8 28 The LMP1 molecule mimics members of the tumour necrosis factor (TNF) receptor family which are embedded in the cell membranes of human cells, with one end of the molecule facing the extracellular and the other the intracellular aspect of the cell. The cytoplasmic tail interacts with intracellular TNF receptor associated factors, thereby activating nuclear factortranscription factor, which in turn promotes cell proliferation. 38 39 In our study, the demonstration of LMP1 and/or EBERs in HRS cells was regarded as indicating EBV infection. The overall EBV positivity was 68% in our Hodgkin's lymphoma cases, which is lower than the incidence reported in children from developing countries, 9 23 but higher than from developed countries. 12 Infection among the white population was notably lower, similar to the infectivity rate in the Western world. 9 34 35 Concerning Hodgkin's lymphoma subtype, a high degree of positivity was observed within the MC subtype, consistent with findings previously reported in other paediatric studies. Purely paediatric studies including clinical data are uncommon. In this series, 11 patients were lost to follow up. The roughly even distribution of EBV positive and EBV negative cases between early and late stages mitigates against bias due to late stage. It is known that EBV is more often associated with the MC subtype, 23 whereas clinical correlations with EBV status show conflicting results with regard to severity of disease and outcome. 25 43 Our results show that EBV appears to be associated with a more favourable course and outcome of Hodgkin's lymphoma, with significantly fewer EBV positive patients having "B" symptoms or dying of the disease. Furthermore, although there was no diVerence in the median relapse-free survival, the median survival was significantly longer in the EBV positive cases. Thus our results are in agreement with those of Morente et al, who found that EBV-LMP1 was an indicator of favourable prognosis in Hodgkin's lymphoma patients. 30 HRS cells in EBV positive Hodgkin's lymphoma cases express significantly higher levels of major histocompatibility complex (MHC) class I heavy and light chain molecules, accompanied by infiltration with larger numbers of activated cytotoxic T lymphocytes. It is not understood why, despite this increase, the immune system cannot eVectively remove the HRS LMP1 expressing cells. One suggestion is local inhibition of cytotoxic T lymphocyte function by the HRS cells themselves or by reactive cells in the vicinity of the HRS cells. 27 Children in Africa are continuously exposed from an early age to a wide spectrum of infectious agents and thus patients with EBV positive Hodgkin's lymphoma could have a more eYcient immune response. Our results may indicate that recognition of the presence of EBV may play a role in the ability of the immune system to limit progression of the disease. This could explain why the EBV negative patients in our study fared worse. Our findings are analogous to those in a recent study assessing the risk of relapse in 106 patients with early stage invasive cervical carcinoma, where an association was found between poor prognosis and absence of human papilloma virus DNA. 44 The correlation of the clinical outcome with EBV status in our study provides another dimension in the hypothesis that EBV negative Hodgkin's lymphoma may be a biologically distinct disease from EBV positive Hodgkin's lymphoma.
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